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UNITARY VERTICAL CONISLTCTCON CURRENTS 
AS A MEASURE OF THUNDERSTORM ACTIVITY 

FOR THE ENTIRE SURFACE OF THE EARTH 

N. A. Paramonov 

AETRACT 

Relat ionship between t h e  u n i t a r y  v e r t i c a l  con- 
duct ion c u r r e n t  and t h e  thunderstorm a c t i v i t y  f o r  
t h e  e n t i r e  e a r t h ' s  surface w a s  i n v e s t i g a t e d .  This 
r e l a t i o n s h i p  proved t o  be rather c lose ,  which i s  a 
good reason t o  consider  t h e  u n i t a r y  v e r t i c a l  con- 
duct ion c u r r e n t  as a c r i t e r i o n  of t he  thunderstorm 
a c t i v i t y  f o r  the e n t i r e  e a r t h ' s  su r f ace .  

A v e r t i c a l  conduction c u r r e n t  i n  t h e  atmosphere may be regarded /167* 
as the  sum of two components. One component changes with r e s p e c t  t o  
world t i m e ,  and i t s  changes are c a l l e d  a u n i t a r y  v a r i a t i o n .  The o the r  
component changes with the  l o c a l  t i m e ,  and i t s  changes are c a l l e d  a 
l o c a l  v a r i a t i o n .  It can be r e a d i l y  seen t h a t  t h e  u n i t a r y  v a r i a t i o n  of 
t he  v e r t i c a l  conduction c u r r e n t  i s  caused by a f a c t o r  which i s  gene ra l  
f o r  t h e  e n t i r e  e a r t h .  
assume t h a t  it i s  caused by thunderstorm a c t i v i t y .  This opinion was 
f irst  held by C .  T. R .  Wilson (Ref. 1). 
opinion, F .  J .  W .  Whipple ( R e f .  2 )  compared t h e  d i u r n a l  v a r i a t i o n  i n  
thunderstorm a c t i v i t y  f o r  t h e  e n t i r e  surface of t h e  e a r t h  with t h e  d i u r n a l  
v a r i a t i o n  i n  t h e  p o t e n t i a l  g rad ien t  observed over t h e  oceans ( R e f .  31, 
where p r i m a r i l y  u n i t a r y  v a r i a t i o n s  occur (both g rad ien t s  of t he  p o t e n t i a l  
and t h e  v e r t i c a l  conduction c u r r e n t ) .  
c l o s e l y  coincided. I n  order  t o  pursue f u r t h e r  r e sea rch  on t h i s  sub jec t ,  
it was necessary t o  compare t h e  annual u n i t a r y  v a r i a t i o n  i n  t h e  v e r t i c a l  
conduction stream and t h e  p o t e n t i a l  g r a d i e n t  with t h e  annual v a r i a t i o n  
of thunderstorm a c t i v i t y .  h t a  were published i n  1950 ( R e f .  4) on t h e  
u n i t a r y  annual  v a r i a t i o n  i n  t h e  p o t e n t i a l  g rad ien t .  
u n i t a r y  annual v a r i a t i o n  i n  t h e  p o t e n t i a l  g rad ien t  with the  annual v a r i a -  
t t o n  i n  thunderstorm a c t i v i t y  [curves obtained by C .  E .  P. Brooks ( R e f .  5 )  
K. P. Ramakrishnan ( R e f .  6) ,  and H.-Ch. Krumm ( R e f .  711 showed t h a t  they 
occur i n  t h e  opposi te  phase. 

The ma jo r i ty  of r e sea rche r s  are i n c l i n e d  t o  

I n  order  t o  s u b s t a n t i a t e  t h i s  

The curves which were formulated 

A comparison of t h e  

* 
Note: Numbers i n  t h e  margin i n d i c a t e  pag ina t ion  i n  the o r i g i n a l  

f o r e i g n  text. 



This resul t  caused a d d i t i o n a l  i n t e r e s t  i n  t h i s  s u b j e c t .  A t t en t ion  
w a s  c a l l e d  t o  t h e  f a c t  t h a t ,  i n  t h e  s t a t i s t i c s  of C.  E .  P. Brooks ( R e f .  5 )  
and o t h e r s  (Ref. 6, 7 ) ,  only t h e  number of thunderstorms on t h e  e a r t h  were 
taken i n t o  account.  The s u b j e c t  under cons ide ra t ion  does not ,  i n  t h e  last  
a n a l y s i s ,  deal with t h e  n u m k r  of thunderstorms, bu t  r a t h e r  with t h e  inflow 
of a charge t o  t h e  e a r t h  caused by t h e  thunderstorms, upon which t h e  su r -  
face d e n s i t y  of t h e  e a r t h ' s  charge, t he  magnitude of t h e  p o t e n t i a l  gradient ,  
and t h e  v e r t i c a l  conduction c u r r e n t  depend. 

The magnitude of t h e  charge t r ansmi t t ed  t o  t h e  e a r t h  v i a  a l i g h t n i n g  
channel n a t u r a l l y  depends on t h e  physical-geographical  cond i t ions .  It i s  
impossible t o  equate thunderstorms a t  high and low l a t i t u d e s  i n  terms of 
i n t e n s i t y  and charge t r a n s f e r  - f o r  example, t h e  thunderstorms of Murmansk 
and B r a z i l .  

According t o  t h e  s t a t i s t i c s  given by Brooks and o the r  authors ,  t h e  
t o t a l  number of thunderstorms on t h e  e a r t h  i s  g r e a t e r  i n  the  summer  ( n o r t h )  
than i n  t h e  winter;  however, i n  summer they predominate i n  the  moderate 
l a t i t u d e s ,  and i n  win te r  t hey  predominate a t  t h e  lower l a t i t u d e s .  A t  t he  
lower l a t i t u d e s ,  t h e  thunderstorms are more i n t e n s e  and t h e  magnitude of 
t h e  charge t r ansmi t t ed  t o  t h e  e a r t h  v i a  l i g h t n i n g  i s  considerably g r e a t e r  
than a t  the  moderate l a t i t u d e s .  Therefore, it can be assumed t h a t  t h e  
m a x i m u m  of t h e  charge t r ansmi t t ed  t o  t h e  e a r t h  w i l l  no t  occur i n  summer - 
when a m a x i m u m  i n  t h e  number of thunderstorms i s  observed - but i n  winter ,  
when t h e  thunderstorms are p a r t i c u l a r l y  i n t e n s e .  The charge which i s  
t r ansmi t t ed  from t h e  thunder clouds t o  t h e  surface of t h e  e a r t h ,  charges 

conduction cu r ren t  i s  formed i n  the  atmosphere. Thus, both t h e  p o t e n t i a l  
g rad ien t  and the  v e r t i c a l  conduction cu r ren t  must be r e l a t e d  t o  thunder- 
storm a c t i v i t y .  

it and c r e a t e s  a f i e l d .  Under the  in f luence  of t h i s  f i e l d ,  a /168 

The v e r t i c a l  conduction c u r r e n t  i s  i = v'  (h 4- h - ) ,  where v '  i s  t h e  
p o t e n t i a l  g rad ien t  of t he  e l e c t r i c  f i e l d  i n  t h e  atmosphere; 1 - k  + h- 
t o t a l  conduct ivi ty  of t h e  a i r .  For a constant  value of A+ A_, t he  con- 
nec t ion  between thunderstorm a c t i v i t y  and both the  p o t e n t i a l  g rad ien t  and 
t h e  v e r t i c a l  conduction c u r r e n t  must be t h e  same. However, t h e  conduct ivi ty  
of t h e  a i r  i s  always changing everywhere, and i n  a d d i t i o n  it changes i n  
l o c a l  t i m e .  These changes i n  t h e  a i r  conduct ivi ty  produce l o c a l  changes i n  
t h e  p o t e n t i a l  g rad ien t ,  which suppress t h e  r e l a t i o n s h i p  between thunder- 
storm a c t i v i t y  and t h e  p o t e n t i a l  g rad ien t .  The changes i n  t h e  v e r t i c a l  
conduction cu r ren t  are subjected t o  l o c a l  inf luence t o  a lesser ex ten t ;  
t h e  u n i t a r y  changes t o  which thunderstorm a c t i v i t y  i s  r e l a t e d  are more 
sharply expressed i n  it than  i n  t h e  p o t e n t i a l  g rad ien t .  Therefore, u n i t a r y  
changes can be more r e a d i l y ,  and more accu ra t e ly ,  d i s t i ngu i shed  i n  observa- 
t i o n s  on t h e  v e r t i c a l  conduction cu r ren t  than i n  observat ions on t h e  
p o t e n t i a l  g rad ien t .  I n  t h i s  connection, i t  i s  advantageous t o  re la te  
thunderstorm a c t i v i t y  t o  a n  u n i t a r y  v e r t i c a l  conduction c u r r e n t .  

- 

The purpose of t h e  p r e s e n t  a r t i c l e  i s  t o  study t h e  e x t e n t  t o  which 
t h e  u n i t a r y  v e r t i c a l  conduction c u r r e n t  and thunderstorm a c t i v i t y  are 

2 
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r e l a t ed ,  t ak ing  i n t o  account t he  charge t r a n s f e r  v i a  l i gh tn ing  t o  t h e  
e n t i r e  sur face  of the  e a r t h .  I n  t h e  event t h a t  a c lose  r e l a t i o n s h i p  i s  
found, t he  purpose of t h i s  a r t i c l e  i s  then  t o  formulate t h e  following 
problem: t h e  u n i t a r y  v e r t i c a l  conduction cu r ren t  as the  measure of 
thunderstorm a c t i v i t y  f o r  t he  e n t i r e  sur face  of t h e  e a r t h .  

lkt us examine t h i s  r e l a t i o n s h i p  with r e spec t  t o  the  d iurna l ,  seasonal,  
and multi-year v a r i a t i o n .  

The charge t r a n s f e r  Qj ,a  t o  t h e  surface of the  e a r t h  S j , a  can be 
determined by the  fol lowing formula: 

Where n j , a  i s  the  number of days per  year  having a thunderstorm, or per  
season; Cp - geographic l a t i t u d e ;  t - hourly dura t ion  of thunderstorm; 
m - number of l i gh tn ing  s t rokes  on lkm p e r  1 hour; k - increase  i n  nega- 
t i v e  l i gh tn ing  s t rokes  over the p o s i t i v e  s t rokes  i n  f r a c t i o n s  of a u n i t ;  
q - l i gh tn ing  charge t ransmi t ted  t o  the e a r t h .  

2 

The q u a n t i t i e s  n, t, m, k,  q may depend on t h e  geographic l a t i t u d e  q3. 
The values  of n can be r e a d i l y  found on maps showing t h e  days having 
thunderstorms. The q u a n t i t i e s  t, m, k, q, according t o  da t a  from our 
observat ions,  are approximated by the  fol lowing formulas: 

where Cp i s  used t o  designate  Cp/90. 

The q u a n t i t i e s  tQ, ko, qo, al, a3, a4 were ca l cu la t ed  by means of 
formula ( 2 )  from the  ind iv idua l  values  of t, k, q taken from observa t iona l  
d a t a  shown i n  Tables  1, 2, 3. It must be pointed out  t h a t  no t  a l l  of t h e  
d a t a  are presented  i n  these  tables,  but  only the  d a t a  which correspond t o  
n a t u r a l  condi t ions  and which are the  most r e l i a b l e .  !!Able 3 p re sen t s  t he  
mean va lues  of t h e  t o t a l  cu r ren t  i n  one l i g h t n i n g  channel; o ther  charac te r -  
i s t i c s  are presented  i n  the  l i t e r a t u r e ,  i n  add i t ion  t o  these .  Natural ly ,  
t hese  d a t a  are i n s u f f i c i e n t  f o r  an accura te  determinat ion of a l l  the  
parameters of formula (2 )  and the  quant i ty  Q. 
s i b l e  t o  determine them i n  the  f i rs t  approximation and t o  provide a 
q u a n t i t a t i v e  cha rac t e r i za t ion  of t h e  r e l a t i o n s h i p  under cons idera t ion .  /169 

However, they make it pos- 

3 



MEAN WRATION OF THUNDERSTORM ACCORDING TO DATA I N  1957-1961 

Mean geographic 
l a t i t u d e  f o r  a Mean durat ion of 

S ta t ion  group of s t a t i o n s ,  NO thunderstorm, hours 

Murmansk, 
Voyeykovo 64.47 1.15 

V. Dubrava, 
I rkutsk ,  Kiev 53.13 

Odessa, Dusheti, 
Tashkent 42.28 

1.34 

1.61 

TABm 2 

COEFFICIENTS OF K AND RELATIONSHIP BETWEEN NUMBER OF UGHTNING 
STROKE3 ON TE3 EARTH HAVING POSITIVE AND NEGATIVE POLARITY. 

Observational Geographic Lightning 
poin t  la t i tude p o l a r i t y  k Source 

Sweden 
Sweden 
USSR 
England 
Ge many 
Switzerland 
USSR, Caucusus 
United S ta t e s  
United S ta t e s  
OAR 
South Afr ica  

6 OoN 
60 
56 
52 
50 
47 
47 

40 
30 
25's 

2 .9: i  0.49 
2.7:1 0.46 
3.2:1 0.52 
3 .5 : l  0.55 
5 .8 : i  0.70 
6.0:l 0.71 
4.8:1 0.66 
4.0:1 0.66 
9 . 0 : ~  0.80 

A l l  negative 1.00 
17.0:1 0.89 

(Ref. 8 ,9)  
(Ref. 10) 
(Ref. 8,9) 
(Ref. 8 ,9)  
(Ref. 10) 
(Ref. 8 ,9)  
(Ref. 8,9) 
(Ref. 8 ,9)  
(Ref. 10) 
(Ref. 8 )  
(Ref. 10) 

TABLE 3 

MEAN VALUE OF CHARGE TRANSMIWD TO THE EARTH 
DURING ONE LIGHTNING DISCHARGE 

Observational Geographic Charge i n  
po in t  l a t i t u d e ,  c oulom b s Source 

U p s a l a  GO 5 (Ref. 11) 
New Mexico 32- 35 I 2  (Ref. 10) 
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The u a n t i t i e s  mo and a2 were ca l cu la t ed  by means of t h e  formula 

After s u b s t i t u t i n g  formula (2 )  i n  (l), w e  ob ta in  the  following 

m = m e-a2$ and by means of the  values  f o r  m obtained from a map ( R e f .  12)  
showing the  d i s t r i b u t i o n  of a number of s t rong  l i gh tn ing  s t rokes  on t h e  
e a r t h .  
e quat i on : 

0 

Q j , l  = 2,09 -Sj,lnj,le-7.jS.*'. ( 3 )  

The following formula was employed t o  summarize Qjjg over t h e  e n t i r e  
surface of t he  e a r t h :  h.2 

The summation w a s  performed i n  terms of l ong i tud ina l  i n t e r v a l s  with the  
index j ,  and i n  terms of the  l a t i t u d e  i n t e r v a l s  with the  index 1. 

The l igh tn ing  cu r ren t  on t h e  e a r t h  w a s  determined by the  formula: 

where t i s  t h e  t i m e  requi red  f o r  t h e  inflow of the  charge Q during a year  
o r  season, expressed i n  seconds. 

The d i u r n a l  v a r i a t i o n  i n  t h e  charge Q, t ransmi t ted  t o  the  e n t i r e  
sur face  of t h e  ea r th ,  w a s  determined w i t h  t h e  a i d &  formula (4) and maps 
showing the  d i s t r i b u t i o n  of t he  number of days having thunderstorms. Qj,a 
were ca l cu la t ed  f o r  each element of t he  ear th 's  surface,  def ined by 15 
degrees longi tude and 10 degrees l a t i t u d e .  The l a t i t u d i n a l  index j assumed 
values  from 1 t o  18; the  long i tud ina l  index 1 - from 1 t o  24. 

Q =igl Qj was ca l cu la t ed  f o r  each i n t e r v a l  of the  geographic longitude 

equal l ing  15' f o r  t h e  cont inents  and the  oceans separa te ly .  
value of Q. f o r  the cont inents  w a s  d ivided by 24 hourly values,  i n  accord- 
ance with She mean d i u r n a l  v a r i a t i o n  i n  atmosphere a c t i v i t y  over t h e  
cont inents ,  and each value of Q. f o r  t he  oceans was divided by 24 hourly 

J values,  i n  accordance with t h e  mean d i u r n a l  v a r i a t i o n  i n  thunderstorm 
a c t i v i t y  over t he  ocean. The separate s t a t i s t i c s  for Q f o r  cont inents  
and oceans i s  caused by a s i g n i f i c a n t  d i f f e rence  i n  t h e  d i u r n a l  v a r i a t i o n  
of thunderstorm a c t i v i t y  (compare t h e  d a t e  given on page 6) .  

18 

0 

Then each 

j 

The d i u r n a l  v a r i a t i o n  i n  thunderstorm a c t i v i t y  f o r  t he  cont inents  i s  
obtained from d a t a  from 18 t y p i c a l  s t a t i o n s  loca ted  a t  d i f f e r e n t  l a t i t u d e s .  
It i s  determined for t h e  oceans from 10 ocean s t a t i o n s .  For t he  ma jo r i ty  
of t h e  con t inen ta l  s t a t i o n s ,  t h e  d i u r n a l  v a r i a t i o n s  i n  thunderstorm a c t i v i t y  
d i d  not  d i f f e r  considerably from each o the r .  Therefore, when d iv id ing  Q 
by 24 hourly values ,  w e  employed t h e  mean. The mean d i u r n a l  v a r i a t i o n  i$ 
recurrence of thunderstorms ( i n  f r a c t i o n s  of a u n i t )  i s  as follows: 

5 



Hours 

0-1 
1-2 
2-3 
3-4 
4-5 
5-6 
6-7 
7-8 
8-9 
9-10 
10- 11 
11-12 

Conti - 
nents  

0.032 
0.026 
0.022 
0.016 
0.014 
0.013 
0.012 
0.009 
0.008 
0.009 
0.018 
0.033 

Oceans 

0.063 
0.049 
0.055 
0.050 
0.045 
0.041 
0.035 
0.029 
0.024 
0.020 
0.022 
0.024 

Hours 

12-13 

15 - 16 
16-17 
17- 18 
18-19 
19-20 
20-21 
21-22 

23-24 

13-14 
14-15 

22 -2 3 

Conti - 
nents  

0.056 
0.076 
0.089 

0.087 

0.071 
0.061 
0.050 
0.045 
0.042 
0.037 

0.092 

0.084 

Oceans 

0.027 
0.032 
0 037 
0.044 
0.050 
0-055 
0.060 
0.064 
0.067 
0.070 
0.068 
0.066 

T o t a l . .  . . . . . . . . . 1 1 

For i nd iv idua l  ocean s t a t i o n s ,  t h e  d i u r n a l  v a r i a t i o n s  i n  thunder- 
stom a c t i v i t y  d i f f e r e d  to a somewhat g r e a t e r  ex ten t ,  but t he  v a r i a t i o n  
obtained from e i g h t  t y p i c a l  ocean s t a t i o n s  d i d  not  d i f f e r  s i g n i f i c a n t l y  
from t h a t  obtained from t e n  s t a t i o n s .  Thus, one mean d i u r n a l  v a r i a t i o n  
i n  thunderstorm a c t i v i t y  can be employed f o r  t h e  ocean. 

Thus, 24 l i n e s  were obtained with 24 hourly values  of Qj,k ( t h e  index 
k t akes  on values  from 1 t o  24, j u s t  as does j) f o r  t h e  cont inents  and f o r  
t h e  oceans. 
i n  columns f o r  each hour f o r  t h e  cont inents  and oceans separa te ly ,  and 
then toge ther .  I n  t h i s  way, data were obtained on the  d i u r n a l  v a r i a t i o n  Q 
( i n  Greenwich t ime)  throughout t h e  e n t i r e  sur face  of t he  e a r t h .  /l7l 
d iv id ing  each hourly value of Q by t i m e ,  equa l l i ng  one year  and expressed 
i n  seconds, during which these  Q reached the  e a r t h ,  we obtained t h e  magni- 
tude of t h e  l i gh tn ing  cu r ren t  (iK) f o r  each hour of t h e  day. 
expressed i n  % of iK 
t i o n  of a similar processing method can be found i n  t h e  work (Ref. 5 ) .  

They were arranged according t o  Greenwich t i m e  and summed up 

By 

It i s  then  
A c l e a r e r  and more d e t a i l e d  descr ip-  of t h e  mean. 

The d i u r n a l  v a r i a t i o n  i n  t h e  dens i ty  of t he  v e r t i c a l  conduction 
cu r ren t  ( iA) i s  obtained from our observat ions of t he  p o t e n t i a l  g rad ien t  
and the  conduct ivi ty  of a i r  above t h e  oceans ( R e f .  3? 131, where only 
u n i t a r y  v a r i a t i o n s  i n  t h e  p o t e n t i a l  g rad ien t  and v e r t i c a l  conduction 
cu r ren t  were p r imar i ly  discovered. 

6 
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Figure 1 

Diurnal Var ia t ion  i n  Unitary V e r t i c a l  Conduction Current 
and Lightning Current Throughout t h e  En t i r e  Surface of the  E a r t h  

It can be r e a d i l y  determined t h a t  t h e  d i u r n a l  v a r i a t i o n  i n  the  un i t a ry  
v e r t i c a l  conduction cur ren t ,  f a l l i n g  on t h e  e n t i r e  surface of the  e a r t h  
(Iy$), can be w r i t t e n  as follows: 

r ep resen t s  t h e  dens i ty  of t he  u n i t a r y  v e r t i c a l  conduction cu r ren t  
where which id'i c anges i n  world time and has t h e  same wave form i . e . ,  t h e  same ampli- 
tude  and per iod,  which corresponds f a i r l y  c lose ly  t o  averaged observa t iona l  
da t a .  On t h e  bas i s  of t he  l a w  of summation of harmonics which a r e  i d e n t i c a l  
i n  terms of amplitude and per iod  (Ref. 14), a f t e r  summing up expression (6)  
we obta in  a cu r ren t  having t h e  same wave form, r e l a t i v e  amplitude, and t h e  
same per iod  - i .e . ,  

I = A i .  
Y Y 

where A = 

( i n  $) change i n  t h e  dens i ty  of t h e  u n i t a r y  conduction cu r ren t  w i l l  coincide 
wi th  t h e  r e l a t i v e  change i n  t h e  conduction c u r r e n t  f a l l i n g  on the  e n t i r e  
sur f  ace of t he  e a r t h .  

2 S j , a  - i s  a cons tan t  quant i ty .  This means t h a t  t h e  r e l a t i v e  
J 
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Figure 1 presen t s  t h e  resul ts  obtained. It can be seen from the  
f i g u r e  t h a t  t he  curve f o r  t h e  d i u r n a l  v a r i a t i o n  iK c l o s e l y  coincides  
with t h e  curve i The c o r r e l a t i o n  c o e f f i c i e n t  between them i s  0.96. 
The seasonal  values  of ii= were determined with the  a i d  of expressions 
(4), (5) ,  and seasonal  maps; t h e  number of days having thunderstorms - 
according t o  each season of t h e  year;  and the  values  of i - according 
t o  observa t iona l  da t a  over t h e  oceans (Ref. 3, 13).  

Y '  

hi2 Y 

The seasonal  v a r i a t i o n  i n  iK and i i s  shown i n  Figure 2, from which 
it can be seen t h a t  t hese  c l o s e l y  coincrde.  
between them i s  0.90. 

The c o r r e l a t i o n  c o e f f i c i e n t  

The multi-year v a r i a t i o n  i n  iK i s  obtained from observa t iona l  da t a  
on the  number of days having thunderstorms during t h e  year  from 818 
s t a t i o n s  i n  the  Soviet  Union and from general ized observa t iona l  da t a  on 
t h e  number of days having thunderstorms i n  t h e  year  obtained by C .  E. P. 
Brooks ( R e f .  14 ) .  These d a t a  were reduced t o  i,, with t h e  a i d  of formulas .. (4) and ( 5 ) -  

, 1 J .w _ _  
3 B J7 U 3 

winter  sp r ing  summer f a l l  win ter  

Seasons of  t h e  Year 

Figure 2 

Annual Var ia t ion  i n  Unitary Ver t i ca l  and Lightning 
Conduction Currents and Lightning Current Through- 

out  t h e  E n t i r e  Surface of the  Ear th  

The mean mult i -year  v a r i a t i o n  i n  i w a s  obtained from d a t a  der ived Y from simultaneous observat ions on t h e  p o t e n t i a l  g rad ien t  and a i r  conduc- 
t i v i t y  by 11 s t a t i o n s  (Tashkent, Slutsk,  Voyeykovo, Dusheti, T b i l i s i ,  
Potsdam, K'yu, Aas, Ebro, Waterloo, Uankayo). The following information 
should be taken i n t o  considerat ion:  (1) The lack  of adequate mult i -year  
observat ions on i over t h e  oceans, where un i t a ry  v a r i a t i o n s  p r imar i ly  
occur; ( 2 )  t he  r e s u l t s  of t he  work ( R e f .  151, where it w a s  shown t h a t  t he  
major i ty  of the  cont inent  s t a t i o n s  p r imar i ly  obta in  t h e  u n i t a r y  v a r i a t i o n s  
i n  i; (3) the  average l o c a l  random devia t ions  of i, r e l a t e d  t o  meteoL-oloZl- 
c a l  and o ther  phenomena, decreased with an increase  i n  the  number of 
s t a t i o n s  employed, according t o  the  l a w  of random devia t ions  (x.ia = ai,/,&); 
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(4) a d e t a i l e d  a n a l y s i s  of t h e  d a t a  from ind iv idua l  s t a t i o n s ,  which makes 
it poss ib l e  t o  r e j e c t  d a t a  e n t a i l i n g  systematic  e r r o r s .  

I I L 

1.900 13zff 1.94~7 7360 
Years 

Figure 3 

Multi-year Var ia t ion  i n  Unitary V e r t i c a l  Conduction Current, 
Liightning Current Throu hout t h e  E n t i r e  Earth,  m and Number (Wolf 

L e t  u s  determine the  r e l a t i o n s h i p  between t h e  mean l o c a l  change i n  i 
and the  u n i t a r y  change, i - e . ,  '(zg/Aiy). 
mean magnitude of t h i s  r e l a t i o n s h i p  for an ind iv idua l  s t a t i o n  can be 
determined as 30%. For 11 s t a t i o n s ,  it w i l l  equa l  

Based on t h e  work (Ref. 16), t he  

A l l  of t h i s  provides  a b a s i s  f o r  assuming t h a t  t he  mult i -year  v a r i a t i o n  i n  
t h e  mean magnitude of i from 11 s t a t i o n s  i s  p r imar i ly  connected wi th  the  
mul t i -year  change i n  t h e  u n i t a r y  v e r t i c a l  conduction cu r ren t .  

Figure 3 p r e s e n t s  t h e  mult i -year  v a r i a t i o n  i n  i;: and i . 
c l o s e l y  co inc ide .  
i n  t h e  number of sunspots  (Wolf number) shown i n  t h e  same f i g u r e .  
c o r r e l a t i o n  c o e f f i c i e n t  between the  curves f o r  i and i i s  0.80. Thus, a 
f a i r l y  c lose  r e l a t i o n s h i p  i s  obtained between iR 
annual, and mult i -year  v a r i a t i o n .  This can be r e a d i l y  explained, and pro- 
vides  a b a s i s  f o r  regard ing  t h e  u n i t a r y  v e r t i c a l  conduction cu r ren t  as a 
measure of t hunde r s tom a c t i v i t y  for t he  e n t i r e  su r face  of t he  e a r t h .  Our 
study makes it p o s s i b l e  t o  d r a w  t h e  fol lowing conclusions.  

These curves 
They a l s o  c l o s e l y  coincide wi th  t h e  multf-year  v a r i a t i o n  

The 

n Y and iy i n  terms of d iu rna l ,  

1. 

2 .  

There i s  a c lose  connection between t h e  u n i t a r y  v e r t i c a l  conduc- 
t i o n  c u r r e n t  and t h e  l i g h t n i n g  c u r r e n t  on t h e  e n t i r e  sur face  of t he  e a r t h .  

The u n i t a r y  v e r t i c a l  conduction c u r r e n t  can be regarded as a 
measure of thunderstorm a c t i v i t y  f o r  t h e  e n t i r e  su r face  of t h e  e a r t h .  
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